Hh 38 4 38 8 38 mw fF Ak Vol. 38, No. 8 
2012 4F 8 A ACTA AUTOMATICA SINICA August, 2012 


—Ft CLA Bie 3 Fil ls BRR Ral 


AB AHH AR’ = DEZERT Jean ” 


fi He SES OK ZA ZR (Probabilistic neural networks, PNN) #11 DSmT #E## (Dezert-Smarandache theory) 
KALE AP IERE SR I GOS. EOIN SEBUM RE, FI Bie a EA) VAR VE tas MS IE ee oe HEY 
fei AREGT ALS ARS, PG, RY ETT EEE, SRI Hu FE. JAE UT ANE, FOE BULS BO aT 
{ERR TE 5 “MEER; Hk, #bet DSmT sy 1h RE WAC ER false, FHT PNN PUSS, Mice A oi ERE, At A bei 
Fall EME aE ETT Ss REGU; A, HA DSmT AAA AUER EA) RTA, MITE BO KALE PRIA; dea, 7E A 
AEB, RAS SCHE HH A RE AE A EA I ED EAT TOT ER SE, ARRAS HA NCE TA 
AAP PETAR BS BT RABE, ASSET ESE, Ti AAA HEF AE A Pe BOR TA EE. BE He a 
ULE, Wate ABIASI 89.3 %. 
Kei (AMA, Axia, Dezert-Smarandache HEH, KLE, MRM 
Slat 4, MHA, Dezert Jean. Ft KWLALR A Ze AMIE RA RE. ABP FdR, 2012, 38(8): 1298-1307 
DOI 10.3724/SP.J.1004.2012.01298 


An Airplane Image Target’s Multi-feature Fusion Recognition Method 


LI Xin-Det YANG Wei-Dong! DEZERT Jean? 


Abstract This paper proposes an image target’s multi-feature fusion recognition method based on probabilistic neural 
networks (PNN) and Dezert-Smarandache theory (DSmT). To aim at multiple features extracted from an image, the 
information from them is fused. Firstly, the image is preprocessed with binarization and then multiple features are 
extracted, such as Hu moments, normalized moment of inertia, affine invariant moments, discrete outline parameters and 
singular values. Secondly, due to the difficulty of the construction of the basic belief assignment in DSmT, in this paper the 
target recognition rate matrix is constructed by PNN, that is, the basic belief assignments can be assigned to the evidence 
sources by PNN. Finally, the procedure of airplane target recognition can be accomplished by the DSmT combination rule 
at the level of decision fusion. For small distortion of target image, the multi-feature fusion method proposed in this paper 
is compared with the single-feature one through a series of experiments. The experimental result in this paper proves that 
this method greatly improves the right recognition rate, satisfies real-time requirements, and has good ability of rejection 
of judgement and strong insensitivity to target image size. And even for big distortion, the right recognition rate can also 
reach 89.3%. 


Key words Information fusion, target recognition, Dezert-Smarandache theory (DSmT), airplane image, probabilistic 
neural networks (PNN) 

Citation Li Xin-De, Yang Wei-Dong, Dezert Jean. An airplane image target's multi-feature fusion recognition method. 
Acta Automatica Sinica, 2012, 38(8): 1298-1307 


bch 3] 2011-10-19 = ae AS 2012-03-26 FI bx Wal FEW SE DL BL iE Hl Jah Ft) Bob fa) el pe 
Manuscript received October 19, 2011; accepted March 26, 2012 To KALA & Be BE FE Bp 5) EY) SE DV 

He] AK LPR BL AF LE Se (60804063, 61175091), LO 4 OR BL TE oO 
4 (BK 2010403), FARA Qk 5 MEER ACH Im Heh seue esp PBR PEDAL CHAR [1-7] H, FLY Shp Bt IR 4 


IaH 
jae ee) gular ea to ) ces li] LEFT T PRR ASE. Gd, Dudani “4 
“2 (20100169001), 4s SA FS EE AUT ACE ORL TE Bh Zz ney, Wy yl 
(3208001203) #Ei a eau clagles KY Bayes UA K ik Abue 
Supported by National Natural Science Foundation of China NU GEFT KA A a FLUE ROH Ny 93.18% All 
(60804063, 61175091), Natural Science Foundation of Jiangsu FAH » pt 
Province (BK2010403), Public Funds of Image Processing and re o 703 Roberts!” Tia) aoe A 
Intelligent Control Key Laboratory of Chinese Education Min- Anil, AN FLA E TE 80% TA Hy Ht We aA 4 | FA at 


istry (200902), Science and Technology Innovation Foundation in Rates TEAURETE, SOFIE FG (Back propaga- 


Southeast University (3208000501), Aeronautical Science Foun- ; CAG b > Hy ey] soe 2 . 5 
XK b ‘ 
dation of China (20100169001), and Excellent Young Teacher tion, BP) ‘ii 2 DA 28) WA al 38 A 88.8 7%. _ ib AAA 


FH 


Foundation of Southeast University in Teaching and Science Re- EY Fill PEAS al AN fi NE {EB [a]. Re f= tN 3 At [8] tr HS — Fr 
search (3208001203) 
ASS BEA ZS Jed . ; : of Automation, Southeast University), Ministry of Education, 
Recommended by Associate Editor ZHOU Jie Nanjing, 210096, P.R. China 2. The French Aerospace Labo- 


1. APR AAS AB OF Be 2A TG Pa BC BE SK 2S PH 
210096) 2. ERMAN ANAT WSR F91761 IEE 
1. Key Laboratory of Measurement and Control of CSE (School 


ratory, Office National d’Etudes et de Recherches Aerospatiales 
(ONERA), F-91761 Palaiseau, France 


81H BBG: 


FH RAL BR 


eZ RMEAR AREA R ATT IE 1299 


ZEF BP #Zeh4 28 Fl DSmT (Dezert-Smarandache 
theory)? 13] #EHEAS Fe AVR A ri IE, WME IE 
FA) Hu ANAS EY A BA IE, A Sc a EY ERE 
FT th FR GE AT INT Tia] Sa ah Ge ch BE A bE 
SMR, (ATT TE fa SAAN TG A BURP MIE K tty 2B 
TOL PSE PERE 5 RIA CATT. CEI AA A 
RE TIE Bt VE A BE, TE RLS AS & ARIF 
A Sy AEE TC 3, ATS BOR WA ET. TK 
BLA bn HP SAS I & AEE, WA AS ot ES 
AN GTA. AS TPA ZE TR 56 A ELON HL. 

MATA SLA A ARP ERE AT BL bas iG 8 BT 
HASH, LEW 53 Sb — He aR I eK. AeA 
RIZE EER IE, SEO HE 
TARR TER YE (Characteristic vector match- 
ing, CVM) Al AVLAC ATE (Point pattern matching, 
PPM) #825 A AN 2 ERA IB I, SE Re 


moment of inertia, NMI)!"8) Al gy AN AB REO), Tt 
4 JER TIE at LF HOE PS A BS AA Ay EL OY HPO 
ZEAE SCHRUE NA, 15 “MEME RD ABA IS UEP ae 
Wee AU LE ANB HE. TALC, CHE BUR IE ZE I RA bs 
Wal PB Siz AA. 


WHE ie TPB DE AC EA RE AS EES XI aR ECO 


fe Rui MINAS VENUE ATA Gah Est TSE 
KEW Sa AAR BE, Bei T IE Ae AER 
IN TH) SEAR BE, WEB TAAL Fp IE AY a BR 
Ye; WRN ES) He TT SE PSC EE a LA Kat 
4h (K nearest neighbor, KNN) 42848 2 47 iE Mil 
BATE, SEO ARE A 7H Ee Ba EA — a Sc 
lt] =24L (Support vector machine, SVM) 2k SVM- 
KNN Jy Vif 738) HUI AEE A} BUS Ba 28.7% A 
19%. RES RMEMA AERA Z Mb, {Ah THR 
FAT Be, JUL A Oba RAL EI or Ff aR a8 AY 
BFE UNITE WIRE IE CRRA 

ASC EE PIE LS TR EY ERE, ET KL 
KA WA AA DTA Rae. WN 56 ERE 
SIR BZA a lal al, EAT TIRE, HEM Th 
FEF DSmT HEFEIN KOLA ERE to 2 FEA WR 
BE. AG, HO RIE RA RY 
TE, AVR eve TSA Ua, Be AE 
RAE MERE B/E A EDR UR, WARTS ALS & I-A 
FLAMa kh; Beat, fea REA 9 2 NE Td et, SE 
17 SAHRMINRA, WO IZM TARY BS 
#4) 2% (Probabilistic neural networks, PNN) (ii 
Bl pr ill FEM, Ala, He PNN ZR Rae 
RRA AF PAAR ELE SU, Fl bas Vk 
Jal) 5 BE OT SES fe REE piles ; Ba, A DSmT 44 
Fr NUE AT RRA MA, TE BOT KPL A be IR 
il. 


1 BRE 


PS] 45 A ox VAS FY SS — BI 2 FR 
E. FERIA, BES] ARERR IE EAH Et, FER 
Ee $5 Hu sO, YA — (sea) tlt (Normalized 


=a 


1.1 Hu % 
(ASA f(z,y), pt+@ WA 
(p + q) Breet READ Tl Re LN 
M oN 
oe > Simin’ f(m n) (1) 
m=1 n=1 
M oN 
Hea = >, >(m—-2)?(n-2)*f(m,n) (2) 
m=1 n=1 
HH, (zy) ARK f(a,y) Web AA. VA—1e Ph 
JAE tpg EH 
Mpa (p+) 
= ) = ’ +q= 2, 3, ove 3 
"pa ie Pg (3) 
Hu FAA HAS By ea 7 NANA RE, Ak 
shan FP: 
®, = 120 + Noz 
®» = (120 — Nor)” + 4m 
®3 = (30 — 3m2)* + (3n21 — M03)? 


4 = (30 + m2)? + (M21 + Nos)” 


®5 = (730 — 3m2)(730 — m2) [(M30 + m2)* — 
3(1o3s + N21)*] + (3n21 — Nos) (N21 + Nos) 
[3(130 + M2)” — (Mos + Ne1)"] 

®¢ = (120 — No2)[(N30 + M2)? — (Mos + M21)7] + 


m1 (130 + M2) (Nos + N21) 
®7 = (3721 — Mos) (M30 + M2) [(M30 + m2)” — 
3(103 + Na1)”| + (32 — 30) (121 + Nos) 
[3(m30 + m2)” — (Mos + Ne1)7] 
12 JA—-hSwS 


Ke Hi BE EU A, FE SOIR EE A RA 
tu F: 
MN 
> ef e,y) 
p= (4) 
yew) 
ex=ly=1 


1300 A By U, 


oe 4K 38 4 


Me 
Mz 
ead 
SY 
So 
=, 


8 
Il 
me 
° 
Il 
oe 


faery ear (5) 
i flx,y) 
ex=ly=1 
JOP, UL (€, 9) TRA BREN ED. ARSE 


(9) WRIA Jap: 


x 


es 
8! 
<1 

l| 
Mz 
S 
cS 


) _ (z,9)) f(x,y) = 


8 
Il 
pe 
° 
Il 
nn 


Me 
Mz 
er 
are 
+ 
& 
Sl 
S 
SS 


8 
Il 
par 

e 
Il 
an 


alates Jag ty ARG oh te A Ee MC, A 2 IK 


PEGA TUD (2,9) KAA: 
nara V2@8 = 
m 
MN 3 
|e Do (a= 4) + 9) Fy) 
MN 
> » I ) 
(6) 
SEH, m =, yen Sey) RR, RR 
RA AREAL ZA. 


1.3 (Ha 

15 Bt AS AR EVE Ag — REC IE BS iE, 
FSET AERA DEE. iS AS aR EY DA at 
ZITA HIE. Hankel FHI. Apolar ESA 


TERE. A BB Th A Fi ce PE, ASO A = 
Ay a: 
2 
H20Ho2 — Mii 
I, = 4 (7) 
Loo 
Ig = 
2, 2 3 3 2,2 
L307 03” — 6430 21 112/403 + 4h430 f12" +4421” o3 — 312° fat 
Loo 
(8) 
I, = 
[20 (421 fo3—14127 )— 111 (430 f03—H21 [4124102 (430 {412—H21 7) 
Hoo 


(9) 


14 REAMLER 
FOB TA BUBB N = [re, 8x, 0b, fe] CAB 
A Pe ERI ais, Aa hie a F: 


min|[z;,(2)] 


Te Fall 0) 
oe [zu (¢) — Za) 
$= (11) 
u [z(@)] 
¥* [zeli) — Za) 
op = (12) 
2 [zi.(é)] 
pm max[z;,(2 = min|[z;,(2)] (13) 
CTA 2, (i) Sean ¢ SECTS UR Bl A pe 7B AY BE 


15 FREAD 
M1. WER 
IESE U RV EGE: 


— AS FEME A © Cr™™”, FE4E 


UAV = (14) 


,Or} Hoy >on >-:- > 
7 AEM A BY ar 
A; HOSEA, BI 


= diag{o,,02,--: 
te 70 = 1,2,++ 
Fee, te AAP Bk ABA ARF EE 


2 SHEAR Al EAR 


ZEF DSmT WAKA tr 2 ERE IR BIE 
HEAR ONS 1. RAP SS BGR AA EEE PY JL 
ZB Oy. 

2.1 DSmT ##8REASWM 


AS SCHEER AL A ba WA ill Da) LF 32S PE, OO DY 
FAS se UE TT ti Heb BE, OR A Ee A th HE 2) 
KATE PAY DSmT BAY, fe th EP Re Fe SR a 
[i] 1 A FB 7c Al 5G EAR sal R76 HL 4B ea FE WA (EL AY 
fet, WO = {01,02}, ABA th ae Rae lh] DO = 
{01, 02,01 02,01 U Vo} FH, M1, Vo MV, UI. F 
fe BEGUM, 1 010 02 WNte BEE A, AA DSmT 
ZAI UALS 5 PPLE BYE SS op CAL (Propor- 
tional conflict redistribution rules No.5, PCR5) 
HBT) BC LU EAT a. Fe oe 1. SH, mi, 


SRE: —Ft LAR 


bn 2 RMIE 


fei 


Sac i) WANT 


1301 


DSmT BQ abst 


Pager etic. [Au HE] qf Pale, 
e aren ASS 


Hx 


All 2 REBAR Bl SOA 


Fig.1 The framework of multi-feature fusion an 


1 SURES 


d 


recognition arithmetic 


Table 1 Model building 
EH fT Ty fT Te BRIE Tn it 
{8 REM my T11 T12 Fin a » mn 
j=l 
3 REWMEL ma X21 X22 Tan i > 725 
j=l 
SEMUIEL ms 51 @s2 rn 1-3 25; 
j=l 
2On hi PREM, T; Han Abe T RAE ARB 7 KR m4(X)?mz (Y) m2(X)?m, (Y) 


Ee 


Tt=T,U---UT, RABAMABA, x; 478 A bp 
AE TRP TIE 7 BARE AA 7 ZK. 

Dezert 0) #2iK TAA RBA ba AUN 
4A SAU A PCRS, Hp SP ZA FP: 


“4PEZE HL DSmT BEA RADE AM lal SIN, 
Bel, (-) #l Bela (-) tH A le — BFE © FPA ANE 
SLU PEYR S1, So (BAUER VES TLS JL SCHR [9]) 
ta TERA, SZ FAI) SEAS ED ll 
Am, (+) All me (-), HAA MUU A 


(15) 
ind;=A 

HFRS D° Ze U ALO SROKA, 3h 
(15) rts fy 211 A 8 CATE FH ED 


{fl m(-) HARE REA" SANE A BENE, Bl m(.): 
D® — [0,1]. 3 mirc) (9) TEST TAZE TA AMES 


TA, BRACE AT B28 Ti] Ay DLE EAS A. PCRS 
7G SE BUTERA BE FE, FES HR at OY CB 5 


AWR HT A CRE. MBE EVE, Exe A Ae 
Ka OES oat TF) ACU. PCRS thin VBA 
(Vacuous belief assignment) AY Para PE, FE PSU 
(2 WEE LSCHR [9]) ACHAT ACL on PF : 

“4 k=2 it, VX € D°\ {9}, 


gary 


™MPCR5 (X) = M12 (X) 7 


Ds 


yep? /x 
XNY=f2 


m,(X) + mz (Y) 


My (X) +m, (Y) 


(16) 


xk (15) ASK (16) BORA PCH [9], FE AMY BT 
ATC ANE ETEK, my2(-) A myp...n(-) DHT 


A A UP PS El 


2.2 HES ee 


BR MZE 


rH — A 
HY DAA 2 


ME, 
BP 44 


po A ic SIC RE HE, 
Fit i AL 


[A] 


EP AL aR. 


PA 2 ee ae OP Ty IA SB at A 


PA 25 HE 


at 
in 


“x 


BARB, ABA 
WS TRUER Fo YUL 
WD Wl Bp BH MO TG ths OT LETT TC 

ASC PNN #43200 F: 


Or HEE Ul) 


ra 4 HAIL 221 Ae BEE 4) 
HEE 3] SER FE We ETE HE SIE TAAL 
HY DUAR EP RSS ES REAR, 
oe HILEBE, PNN ISG EE OEY: 1) 
RSM Je, BLAIS SINR 
eLUE ATE, 2) FEES) 2K Ia BL 
LAG UIA, PIN Fa eR wR A 
FINSRCRAR: 3) sO VEIN Ink 
es a VA. 


Ek R, BR 


RA, ER 


AS PEASYE 


WUAREAS, FCHABABLIL 1 MERA HE MEIEREAS. 1) 


HA Je ZS OT B 
2 RF TIE He He BOT DY. ASSOOR A 
EBBAS Tr], FT Wh Dy 28 AN 


#, EN 


Ky? 


BURA. Wi A AeHE 3 AEN, UA 
MIZE TCI PBA 3. 2) Ba eee 7c a 
FRA k x n DEPAS, PLA 


RACK H 


ZETCBL 


ATF, 


we. HA Fe ASOT BI 
AS SAN Ted A AE 


RAZ ICS 


MOEN 


BA kx n. 3) HT RAR TES BIG 


5A 
key Jax at 
Ve. 


1302 1 ay th of qk 38 
IF TZ PN 2S ATH GR) ke AR, AL a He at PRUE ME (1 = 1,--- 5) ERA 
TET BA ke. WEL We ? 
2.3 SRS MRM ROO rd es BE BE TE EP BAAS fF A EAR. 
DSinT HEMMER MH. Roce 7 ee eee 
Wy BAG EA SU, {A TERIA EL Y we VE A br WA al IN, 2) — p(x 0) Oe Sat 0) Fest Ea a) AHA 
BBA (Basic belief assignment) MJ ii x —“*S ME, o ee 


BEZIER FTE FG BES RAN Ze VA BC ST WE SR. 
Ty DA FQ ES ee 2c AU $s A eR Be OR ey He EAS 1 PEN EL, 
(AIR RE TT ETT BK. SEIN PEAT, thie > fe 
Bee NINE. i A Ze 28 AA 
“ESI. ADVAN, fe AN DT Ha i Sy OR i EY 
28 AEF UE RIA BIR GW. PRIN AY. Zexl vA 
aN A Hes ba 28 HE — eK AR ih eR 
FF Sal) FE FD, PS Ue FR #8 Poe) 28 YP A BF Sd 
ME SURGE BBA 2EVISERFT A; 5-77 
TH, #28 P28 a APSR VIZR, PEARSE IN PE, RAE 
WK BBA MAY DAR RT eK IY ad el. 

EH 2.2 WHOIS PNN WIZR SA 
RE, EB iz HVA BS Ph PK fe, aR TL 
Be ee AR. AS CRA PNN Pa 2% Ot A be BEAT OI 
A, STR AGE RA BBA S72 ERE R, 
JARRE DSmT HEFEFHIO A BBA fyi LOR AE 
A) fry sek. 

KT AVA PNN [28 AY WR Sal 2 RE AS PE 
HEFT MEL, PCE A A 8 RE MM, ESOP. 

EM 2. Abi nls joke M WAAR SA 


| 
M= : 


Mni 


BH, (X1,Xo,-++ Xn) WRA X WA 
FERK (Xq,Xo,-°+ Xn) (RAE: 


A, > 


1(0) = L(Xy, Xo, Xn) =] ] r(Xe8) (28) 


WREAIMDUR EAL. th Fisher 3] UERO ADA it 
, BLEDEL RAS (X,,Xo,-+- Xp), EBSA © 
APRESS 8, (AMOUR em BCE 6 EI ALAA, El: 


L(0) = L(Xy, Xo,-+- , Xp, 8) = 
max L(X,, Xo, °° eNO) (19) 


FH UES SIT REO = 0(Xy, Xo,--- 
RUE BO AAR RT Bt. BE (ar1, @2,--> Ln) 
Al (X1,Xo,-++ Xn) AY ASS EL, UK = 
0(21,22,°+* , Ln) NAMB O WALA ATH. 

XT FAAS ATE OP EY aA, fe BF OA RA 
RPE ICK IN BU EM. 

FEA, ASCP EZA HT EM: 

EM 4. PJ = j) = plj,0), 0€ 0, PRA 
=a PNN #iRGWARAA 7 Fe He OTT AE PEK, 
A 7 ZeAN VA Gl Bi RASA (A be EME Mp 
SDV 7 TUNA), BAC O an M ‘HIE 
4tin, BRT] O = {1,2,--- ,n} RRA WIA 
eB MATA. DUE 7 , BBO BEATA TT. 


Xn) MAA 


AE 


JOH, m,, RACK i RHE IB 7 KIN 


iy ample 


ARASMi j BIEN, Miz AeA IED WAR, ay 
WW ARR HW. 
(ATE ME, RIE BR. PNN P28 AEDES 


FEAL EM UIA 7, LEB RAE] O APIS 
AO, WE p(7, 0) FEO bE B ROME, AP A aR I 
FAA: 


4 ZAIN KARE OT EN. AS MIT RAE OA p(j,0) = max p(j,0) = maxm;;, mi; € M (20) 

ar VA BFE EME? FTE, HH A-M SE aE, gee aS? ; 

Dre) 25 XP YI AE AS EAT AH eof APMED, vis ULI, BEATLES SSIEGEIR m, BEFTIUEL JERR 

HEX 2 ABI EUR ARR MO (L= 1-55). ay gu aiggehee tty INN (5) ae EL Rae TU, 
Fp AAG M! (I= Ly--+ 45) AHR TP aps apualeese gf (1 = 1-5), TW ELARYE 5 ME 

PNN ede INE ACH A Se HU Fa ELSE HH A REAR AB. SRI, 

Pei alata Uae eae J #E—2E A Pe ZR Hae SC 4 AA eR REE Me! Gs =1,--- 5) APH 

(KL. ICH, Mi! PIR TCRR mi, RA CAISEO RA gee 358 @ HG 6 (L = 1, 5). UAB 1 

4 rarities REA, HPI SB 7 RAAWA EGER m, HOWEREL EF at 28 HH: 

4y th. (AE, MO BeBe ATARI IN, SEPARA EAS SM 

AVI ATE EAE GUA. ISA, BUMAl AA LSS Lj = Ma) P= Ss oe 21) 


8H] PRES: —At CPLA te 2 MIE RT 1303 


FADE Val A te 
PAE ZR Hl 


a 41E 
ha Bs punegerny 
fa PNN Fgh 


ASHE BL 2G 
AV aR Be Me ‘ wile o> das 
M'(F1,+**,5) 2 
fe; REWCE 
Al2 Soot TEA 
Fig.2 The flowchart of arithmetic 
24 Biemiz HH Ap eA ZS TO A FS 3.2 PTET WC. 


ZR ERLG A RSE LAI 2), 
AOR FAT AR: 

1) Hed ERIE, XT PNN HA 
BK, FEV AR REP FS BAH EP IE ET at 
oh VA RE BEM! (1 = 1,-+- ,5). 

2) FEIN FEW A MAP ME SE, Zl) PAA 
MUNA PNN 428 bd 28 EFT OA. 

3) HESS PNN PHA PI AS Ri GR ISS 
AVL ASA ADAP FOL TU BR ERE, AA AR YF UR SH BEEP 
6 HH Sel AT FE A ET ES 8 TT at, VE A DAK 
MERE BA ETE A EY a EU. 

4) HEH PCRS #LMUZETT i RL. 

5) eH RS 4a RCA I-MiL, KR IES tee 
HOT IB ELE ST LOR. FERRO > PIB EL, WU AE RR 
VAG A A KE DVRs FROME < PUBL, 
FEAL. 


3 RaWZaR 


3.1 HRS AA 


> 


ALS 7 RAL aS A 
{ij FAYE Matlab 7.0 HEE RuEfT, HA 7 2B. Fig.3 The binary image of seven kinds of airplanes 
REAL 30 WAAAY KOLAR (RAR A 672 
Ras x 504 RAR, Ja TAS AANA RH, 


ARAB) Hen MISC RE (Bent seme 4A BTA), MEE STL SER Ts TE RARIE 


falls, 23 7 A RALAB A} Zeas MAAR, WH 3 Pras FETS SEGA, (10 VAL AS A, REN 
(BET RAN KAHL). WAR PE 210 EASE RES BE LTH 15. EAS 


Ze PASO ORF AS TREE EE 5 SA 7 FR, FE 105 EAS, AL CUM ANSE. ASOT 
PNN P26 HY 78 26 pe BOA BA ies HT es radbas, WN | AAU IPR 0.7 (a TA See PP 8c Ed De 
AN PB BCS WR EG ETS UA PR dist, HA PABBA HA, PUBL ANE), A bo Rl 8 HE eI Bp BC TE 
netprod, firth eA 4 compet, WMA A dot- 8, BEAT WAFER, BER Se 
prod, HEP Refi ti BA 0.1. Ja5b, 5 SS PNN 28 | AAP EL. REVERT 4 tn. 


1304 a: a | 38 & 
es) AS Aye PARES) A hs 
= Fig.5 Targets which are not in the training database 
| 
Me 3 FY DA AHL, (MUA A A 8p TIE OR ETT VA 
ANAT, EMIZEA ABS HH OT BRA INGER, (A 
ar AS SOTFIETEAT WAG, SERA A EAH HE PY EA hs 
ate MEAT T-ASE IL. 
Al4 iE aI 
Fig.4 The right rate of recognition 3.1.4 Xie 4: DSmT xt eRe 
IAA TLE, AAS SERS | PR TSR, RARER BIBT 3“ 
7H By Sy st He aI] GAH AA Ee AZS Se SE Ue Aa Ft AS Te, A 7 #EKAL, RAE KHL EQ 25 WS 4 
WBN TT IAM €E Wil BR Pe BS A bE AT AR II, TE fe . tars 
fy 3c by) Bz AP |S] Ge yb mx. TAI, 7 Fe RL RR AY 5 SPE AS ZA pC isk 
A Will { HY LAA BI 97% VE. J eye 
31.2 S62: DSmT HER PEAS JIE AS SC TT VE Ap il FBP IE KK -EEA I 
etary cai a) renee . IU ORMIENS BP #28 do 7 HE AT MT EE SE 
FERED SEI, MUNA FE 210 MERAH ny oe iB MEE HY KAEAB yet LESH, ASI 
BULAN 1 MEAS, 407 28, JET ASRS, AUBIN Sy ra LAEIICy 0.5, LACES A a AT 
WAFEASE, Fl bri Rall 8 5B BE Ho I ee CH ee SB, EAT HoH EBB, KARATE AY K (Hie 6. tES 
tad, DSmT fa MS PRIN EA, AEG Re HEEL BP BHA IS Ty Wem LL SEHR, ASC 
POR oe tay a eps en, WAMITAB OH Hy 0.5, FL ae UI 2 AE ec a A 
ae 2 AT DUE, EEEVAUTLSCOR RMIEER — yoscsre megs), BP AAI pvt 5 MARNEN 
BEFT YS Rall, 4B A 1G MIRA BI, {AAJ FAY DSmT #E{T oe HR PH 3 EAGER, Wes FRU 4 LH A FE BE PR BIC S 
Sonne TH HES IES EC Bee ELA EA aE yeaa, RINSE MN 500, VLE BO 


3.1.3 Li 3: DSmT Axi 


Pere pets Varad Pe, 
Bet SJ 


>) PR BA Bh REF Bek 


PR AN, EOI EY 0.05, Batley A A Ber ZS 


FERS SH, EL 2 DART VAR xh ne = Vis+dl<d<10 ke, HH, t aa 
AEN Ets (OLN 5) VERE AS, EE IN 5 SUI, s RON a. TE) 
PERRET WMA, WAAR MA 3 Ata. FRAT LEAR a 6 FU 7 Stas. 

#2 RGR 
Table 2. Results of classification 
SDA Hu #6 NMI TITAS ARE HRA BE pagel DSmT 
AN 1 1 if 6 AN ib 
2 4 7 7 7 2 HEF) (< 0.7) 
3 3 3 6 3 3 3 
4 4 4 4 4 4 4 
5 5 5 4 5 5 5 
6 6 3 6 3 6 6 
7 7 7 7 7 7 7 
#3 PSR AR 
Table 3. Results of classification 
SEPA Hu 46 NMI Ti ARE HEA BULLE A Seach DSmT 
8 7 5 4 5 1 4H (< 0.7) 
9 1 5 5 4 1 HE) (< 0.7) 


8 1H PRES: —At ILA A te 2 EME a RT 1305 
HRA NATHAN AAA RR (BR BL LP b ANT) 
Table 4 The recognizable minimum size using different methods, where ¢ represents null 
aes Hu 4% PNN NMI PNN UT AS ARE HORA ULE AY FEL AY AF ZAGER 
Ti: Tid: PNN Fis PNN 7 PNN yy WATTS 
70% WE d d 486 3 888 15 553 486 
80% LE: 6 db db db 15553 486 
90% LE: ) db d db 15553 3888 
tas). STALEY VAR ASR 7 SK AL, BEAR 25 “4S 
EAS, £175 S; WARE AEA 7 RRL, BEA AS 
PEAS, JE 35 4S. BRAT TE MIRA RT IPRS A, BE 
Waa, Ax aR AOR AY 1/2, FRYE 
% 47 RAN FIF A BAR, DUR HE, Sea aa RG A] 8 Ar 
x ns 


Hu 


A6 ASOTS SR 


NMI 


Affine Outline SVD New 
EFA) ICRA EMT LL 


Fig.6 Comparison between the proposed method and 


WAS 


Hu 


Kl 7 


A SCTE MIENY BP # 


KNN 


NMI 


& 


Affine Outline SVD New 


Dx 26 77 2 ot EL 


Fig.7 Comparison between the proposed method and 


MEI 6 Fil 
8 Et A — BP AE 
28 WY 2 7 A BE UE, 


pz] 


BP neural network 


7 ALLA, AS SCAT IE W E 


Wall 


HY AC- UE B 7g 1 A 


IB 97.1%. 


3.1.5 Ree 5: BaeRT Hig 


FERS! 


, 


ey EG AA 


FEM BP ¢ 


A bx xb ae (2 A tas 
FER AS BOLE IY), A bas 2 BL AN hi PEA AS 
Re EAT 22 ARF AE LWA all VS 5S hs TA 


id 


Ke 


PE, 


se Mey, Zee sll cE AN Ted EE IP A al 9 I A 
RANG, TE 25 TIE A AT A a A RI (We 4 


aves 


Als Hts 


24 2 2° 
i Ea 
RA RSD Ae 


Fig.8 The effect of the size of target’s image 
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